Abstract. Eri silkworm pupae (Samia ricini) are very interesting creatures since they can be developed as a sustainable high protein food source for human beings and animals, and their cocoons can be used for silk production. At present, Thai silk is very famous for its special qualities, whereas the requirement of pupae as food grows increasingly, in particular, canned pupae with seasoning favors. Like other food products, size uniformity is required. Therefore, in this paper, a rotary drum screen with internal screw flights was designed and constructed for separating Eri silkworm pupae into two groups with different sizes. The experiments were conducted to evaluate its effectiveness. The results show that the optimal angular speed of the screen was 20 rpm and the screw pitch value was 10 cm. These parameters resulted in the accuracy percentage of pupa screening of 94.3% and the working capacity of 8.6 kg/h.
Introduction
An Eri silkworm pupa (Samia ricini) becomes a new interesting creature that can be developed as a sustainable high protein food source [1] . To make Eri silkworm pupae as commercial food products, one of the most common food preservation is to make canned Eri silkworm pupae [2] . Two important processing steps in making canned Eri silkworm pupae [2] include frying and drying. The silkworm pupae are fried to increase crispness, reduce the moisture and water activity. Then fried silkworms pupae are dried by a hot air oven. The rate of heat transfer for frying and drying is determined by the size of the individual pupa and thus variation in size would cause over-processing or under-processing. Additionally, size uniformity is important due to consumers' preference. Therefore, to maintain uniform size of pupae, screening is an essential operation. The screening results will ease time setting for frying and drying processes. At present, frozen pupae are manually sorted according to their size. This operation is very timeconsuming, laborious and non-consistent. Thus, the aim of this research project is to design and construct a drum screen that can separate undersized pupae from pupae with acceptable size. It can save time and cost. The need for workers is also decreased.
Since there is no product quality standard for Eri silkworm pupae, the size which is acceptable is ambiguous. Based on the experience of the canned-pupa manufacturer, the pupae with thickness less than 9.5 mm are considered undersized pupae, as shown in Figure 1a , whereas Figure 1b shows pupae with acceptable size.
Thus, the thickness of pupae has been used to design the screen opening area of the drum screen. 
Related work
In the literature, many types of sorting/grading machines have been developed [3, 4] . They are proven that they have contributed to increasing the market value of products and producing uniform products. Also, they can operate much faster than human workers. Thus, they are increasingly used to replace human workers. In general, sorting/grading machines can be divided into two techniques, i.e., mechanical sorting/grading and visonbased sorting/grading. The former is much cheaper and operate much faster, while the latter is more flexible. In this work, we focus on mechanical sorting/grading techniques. Ghanbarian et al. [5] developed a potato-grading machine based on rotating drum. Design parameters included net stiffness, rotating drum speed and feeding rate. Golpira and Golpira [6] developed an apple sorting machine based on apple weights. Peak signal to noise ratio (PSNR) criterion was employed to analyze machine performance which helps its improvement. Gamea et al. [7] constructed a prototype of an orange grading machine based on dimensions. Kopral et al. [8] investigated classification of tomato seeds using a drum screen. It can separate seeds into fractions in a term of their size. Treeamnuk et al. [9] constructed and evaluated a sizing machine for java apple. Design criteria included sizing parameters which were determined by the diameter of the fruit and a sizing mechanism which caused minimum damage. Jarimopas et al. [10] developed a prototype of guava sizing machine. Later, they [11] developed a rotating disk mangosteen sizing machine.
Although there have been a large number of research papers related to screening machines based on a rotary drum screen, there is no screening machine for Eri silkworm pupae in the literature. This problem is very challenging since pupae can be deformed and easily damaged.
Design and construction of a rotary drum screen with screw flights
The main idea is to use screening which is performed by separating undersized pupae from pupae whose size is acceptable for making canned pupae. In the literature, there are many screening techniques. A drum screen equipped with bars is one of them. As illustrated in and is driven by a 1-hp, 1440 rpm AC motor (No. 4). It is equipped with bar screens consisting of parallel metal bars with 9.5 mm clear openings. When the drum is rotating about its horizontal axis, incoming pupae are fed into the drum through an inlet hopper (No. 5). During passing through the drum, undersized pupae will fall through screen openings between bars and are collected in the trough (No. 6) underneath, while acceptable pupae will remain in the drum and are brought towards the opposite end of the drum screen (No. 7). To prevent clogging of the screen bars, the drum screen is fitted with a brush (No. 8). Furthermore, the drum screen is completely encased in splash guards (No.9) to improve the safety requirement. The prototype of the drum screen with steel structure was constructed as shown in Figure  2b .
(a) (b) Figure 2 . A drum screen with openings along the drum's rotating direction: (a) the drum screen designed by using CAD and (b) the prototype of the drum screen.
Experimental results
To evaluate the performance of the constructed drum screen, two experiments have been conducted. In the first experiment, three rotational velocities of the drum screen, i.e., 20 rpm (0.42 m/s), 40 rpm (0.84 m/s), and 70 rpm (1.47 m/s) and three screw pitch values, i.e., 10, 15 , and 20 cm were tested. The working capacity (kg/h) and the accuracy percentage were measured and shown in Table  1 . In this work, the working capacity is defined by the ratio between the mass of all pupae and time spending for sorting, while the accuracy percentage is the ratio between the number of pupae being correctly separated and the number of all pupae being tested. One hundred pupae with different size were bought from an Eri Silkworm farm in Mahasarakham Province, Thailand. They were fed manually into the hopper. The experiment was repeated three times. The results (see Table 1 ) show different significant between working capacity and accuracy percentage. It can be concluded that the faster the drum screen rotated, the less the accuracy percentage was, but the more the working capacity was obtained. Too high rotational velocity through the screen openings made undersized pupae discharge with the acceptable pupae. However, too low rotational velocity caused excessive accumulation of settled pupae, resulting in low working capacity. For the optimal results, the working capacity of 8.6 kg/h and the accuracy percentage of 94.3% were obtained, when the drum screen was operated at the rotational velocity of 20 rpm and the pitch of 10 cm. Figure 3 shows two groups of the pupae which were separated by the drum screen. In the last experiment, working capacity (kg/h) of the machine was compared to that of manual sieve screening. One kilogram of pupae was screened at the rotational velocity of 20 rpm and the pitch of 10 cm. As seen in Table 2 , our drum screen helps to reduce operating time and to increase product quality, while allowing rapid and large volume screening.
Conclusions
In this paper, a drum screen was developed to separate pupae into two groups, i.e., undersized pupae and acceptable pupae. It consisted of an internal spiral screw which was used to transport pupae from the hopper feeder through screening bars of the drum screen. The pupae whose diameter was less than 9.5 mm were considered undersized pupae and they were undesirable.
As shown in the experimental results, the optimal rotational velocity of the drum screen was 20 rpm and the optimal value of the screw pitch was 10 cm. These settings gave us the working capacity of 8.6 kg/h and the accuracy percentage of 94.3%. Apparently, the drum screen developed in this paper can be used to replace human operators in order to increase consistency, speed, and accuracy. To improve its performance, the hopper control and screening into more than two groups will be our future research work.
